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EVALUATION

This effo rt was concerned wi th  defining the functional

characteristics of a cartographic compilation system which

operates In a batch processing environment.

Imp lementation of the described system in an operational

environment such as the Defense Map ping Agen cy Aerosp ace

Center (DMAAC) will decrease the time required to produce

a given chart from a digital data base and provide a more

consistent product than can presently be obtained.

(J OHN R. BAUMA NN
\ qroject Engineer
Image  P roduc t s  Sec t i on
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CAFB , New York. Mr. John Baumann was the RADC Project Engineer.
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I. INTRODUCTION

A. Purpose and Scope

A design specification for development of an experimental batch compilation

system is presented in this report. This design specification defines the

system requirements, design concepts, and software functions for the batch

compilation system. The effort included analysis of compilation processes

and batch processing requirements , feasibility analysis of compilation

functions in a batch processing environment, and this functional design

specification. The next step towards development of advanced batch com-

pilation functions is preparation of software development specifications for
a designated computer system.

B. Background

Manipulation of the digital cartographic features has progressed through

development of basic batch processes addressing a variety of compilation—re-

lated functions . Varying capabilities exist in both the research and pro-

duction environments to perform coordinate transformat ion,extraction , sec-

tioning , symbolization, and other functions. In most cases, standards,

specifications, and mathematical definitions provide clear and definitive

criteria for those batch processes developed to date. Analysis was directed

towards a more complete , more automatic batch compilation system . Analysis

of compilation processes , functional requirements and feasibility, and

background developments provided the basis for this report. A list of ref—

erences is included in the Bibliography and a brief summary of existing sys-

tems which were examined is included below.

o Batch Processing S~,rstem

The ACS Batch Processing System (BPS) is a modular system under

strict user control. It provides sectioning, paneling, line

smoothing, symbolization, and extraction functions, as well as
others which are not of concern to this study. The BPS exhibits

I—i
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good overall software structuring and control and should provide

guidance in design of a batch compilation system.

o Graphic Line Symbolization System

The Graphic Line Symbolization System (GLSS) generates required

lineal symbology and certain geometric point symbology, as well as
performing line smoothing and resolution maintenance. The lineal

symbology is relatively complete, although cased road intersections
present problems. The point symbology is software generated, and

thus more complex symbols are not available. Various line

smoothing and resolution maintenance process options are also
provided. The GLSS is modular and utilizes: a master specifica-

tion file principle to determine symbology ; user overrides to

standard specifications; and techniques to allow independency

from external I/O formats.

o Experimental Cartographic Console System
The Experimental Car tographic Console (ECC) — Cartographic
Digitizing Plotter (CDP) software provides alphanumeric text

positioning and point symbolization via an interactive system.

The point symbology provides complex patterns which are maintained

on a symbol library. Although placement is user directed rather

than automatic, techniques utilized in rotation, scaling, and
text spacing may be utilized in a batch compilation system.

o Lineal Input System

The Lineal Input System (LIS) is an on—line system with a batch

processing capability. The sectioning, paneling, and file trans-

formation functions are provided . Sectioning can be performed

on either geographic or cartesian coordinate files. Up to an

eight—sided section polygon is accepted, and either internal or

external data is retained. Paneling is performed only on geo—

graphic coordinate files. The Data Access Management Subsystem

provides a locational index scheme (for cartesian coordinate f i les),

dynamic allocation of mass storage (disk) , and f i le  ma intenance

1—2
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functions. Features may be retrieved from a cartesian coordinate

(indexed) file according to:

— Feature sequence number
— Feature data disk address

— Closest feature (within a selected grid) to a specified
coordinate value

— Feature passing within a specified threshold distance from
a designated point

— Closest feature (within a grid) to a designated point excluding
a specified feature

— Closest point on a designated feature to a specified point

o j~~g~tal Navigation System

The Digital Navigation System appended to the LIS provides a line

generalization capability via three different algorithms. These

include the anchor floater , angle of delineation, and tangent
limits methods.

o ACS Mod II System
The ACS Mod II System is written in the FORTRAN language and
operates on the HIS—635 computer system. The func dons supported

by Mod II are: conversion (AIT—NMS) including clipping , closing,

registration, smoothing, cleaning, and scaling; extraction , editin? .

symbolization, generalization, and paneling.

The control structure of Mod II was job oriented . Each performed

a specific function. Multiple jobs were accomplished by modif ying

the control card so that output tapes were saved and used as input

to the next job.

o Graphic Improvement Software Transformation System

The Graphic Improvement Software Transformation System (GIST) pro-

vides batch compilation capabilities including:

1—3
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— Batch edit

— Clip/join -.

— Intersection location
— Coalescence shif t
— Feature orientation

GIST is segmented into several levels, each accessing the
struc tuz~i data base and each level is accomplished as an individual

run.

‘—4 

- . -~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



r - 
•
~~~~. , . ... .L, L f l . • f. 

.~~ .: . ~~~~~~~~~~~~~~~~ 
. —I

C. Summary

1. Objective and Technical Approach

The objective of the effort was twofold: (1) analyze and assess

the feasibility of performing cartographic compilation functions in a batch
processing environment; (2) and develop a design specification for a modular

batch compilation system which includes those functional processes which

were deemed feasible and represent significant value. Key elements of the

technical approach for accomplishing the effor t included the following:

o Coord ination with RADC personnel concerning concept formulation
and definition of the batch compilation environment.

o Collection of backgound information pertinent to batch com-

pilation functions, processing techniques, capabilities, timings,

etc.

o Analysis of compilation background and requirements and subsequent

preparation of a project working paper titled “Batch Compilation

Concepts and Requirements Analysis”. This working paper provided

a framework for the functional analyses and subsequent design

specifIcation.

o Detailed analysis of each of the functional requirements and
assessment of technical feasibility. A project working paper,

titled “Functional Analysis and Feasibility Study ” was prepared
and deliver~d to RADC for review and coordination.

o Development of a design specification for a batch compilation

system which will provide a software base for implementing and

testing key compilation design concepts and functional processes.

• 2. Technical Results H

The feasibility analysis resulted In a detailed study and assess—

ment of each compilation functional process. All of the compilation

func tions addressed by the study were viewed as technically feas ible to

some level. Several functions may present particular difficulties in

1—5
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areas such as conflict detection/resolution and/or consume excessive re—
sources. By grouping the func tions accord ing to the basic type of service
provided , levels of complexity emerge. Thu process of automated compilation

can be viewed as composed of four major areas:

o Data Commonization and Reduction

This is the process of reducing and converting all source data to
the common form required by the system. It includes elimination

of all unnecessary data and performing all functions which can be
achieved against a single feature. The functions falling within

this area are:

- Data Input

— Scaling

— Transformation
— Sectioning

— Resolution Maintenance

— Line Generalization (no allowance for adjacent features)

— Automatic Feature Culling (where the feature classification
is the only criteria)

— Area Feature Deletion (assuming user defined area)

o Association Processing and Confl ict Detection

This involves the recognition of feature relationships, such as

intersections, coalescence, and proximity , which directly affects

the course of action to be followed during the compilation process.

It serves to identify the features (or feature segments) requiring

modification. The more complex modifications, such as shifting,

are performed within the next phase. The functions which may be

included within this area are:

— Feature Placement

- Paneling
— Automatic Feature Culling (including consideration of

multiple feature relationships)

1—6

-

~

, - - —

~

-— - --— -...- .

~

-. - .——

~ 



.—.-——---—... -.—~~~~~ -.‘ ,- .--—--— - .—-—- — — - — —

— Area Feature Deletion

— Coalescence Detection
— Automatic Contour Generation

o Data Base Corrections/Adjustments

This is the process of altering or replacing the appropriate
features identified during the previous phase. The surrounding ’

areas must be examined following each modification to insure that

undesirable conflicts have not been created. This operation may

require extensive resources and will require close experimental

examination. The functions included within this area are:

— Coalescence Shif t
— Coalescence Deletion
— Fitting Contours to Drainage
— Automatic Symbol Change

o Compilation Finishing

This final phase prepares the compiled chart for cartographer

verification and for retention within a digital cartographic data

base. The functions in this phase include:

— Symbolization

— Automatic Text Placement

— Paneling
— Proof Plot ting
— Data Output

The resulting concepts and design specification embodies the de-

velopment of a sof tware system which will provide a basis for experimentation
of advanced compilation techniques. All aspects of the system are geared

towards demonstration of new techniques and allowances for subsequent add itions,
modif ications, or improvements as the state of the art advances. The system

design specification provides an expandable software control structure.

Certain “key functions” are included In the system to provide a basis for

verifying the feasibility of more complex batch compilation functions.

1—7
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These “key functions” were selected on both their value to the compilation
process and level of feasibility within an experimental system. The simpler
functions and those which have been previously accomplished are allowed for
in the design, although must not detract from the major concentra tion on the
experimental “key functions”. The compilation specifications for direction of

sof tware actions and the suppor ting data base are crucial to the flexibility
of the experimental batch compilation system. As such, their design provides
for expansion and/or modification while remaining specifically responsive to

the functional requirements of the system. Thus, the “key functions”,

the data base structure, and the produc t specif ication f ile received particu-
lar attention and represent major design areas towards development of the

experimental system.

PRC recommends implementation of the following functions in an ex-

perimental batch environment based on their potential value to advanced com-

pilation processes and the fact that experimentation is warranted to verify

their level of feasibility.

o Automatic Feature Culling

o Coalescence Deletion

o Coalescence Shif t
o Automatic Type Placement

In addition to the above identified functions, certain other capa-

bilities were included in the design specification because of their supple-

mentary role in experimer.tation. These additional capabilities include:

o Scaling

o Resolution Maintenance
o Line Generalization

J
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D. Organization

Following this introduction, Section II presents the design specifications

for the Advanced Compilation Techniques System (ACTS). Included in Section

II are system requirements, design concepts, and software structure and pro—
cesses. Appendix A is included which presents sample product specification

information which will be required for each function. Appendix B presents a

glossary of terms and abbreviations used throughout the report.

‘-9
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II. DESIGN SPECIFICATIONS

A. System Requirements

This section contains:

o Conceptual environment in which batch compilation would reside.

o Functional areas of the system, and the principal interfaces
between each functional area.

o Identification of the I/O and principal interfaces between the

specified system and other systems with which it must be com-

patible.

o Specific design constraints peculiar to each functional area.

1. System Environment

The chart production process is divided into the following phases:

o Research — collection , maintenance and evaluation of cartographic
source macerials.

o Compilation — selection of source materials and compilation of all
cartographic feature informatien pertinent to the product purpose

and requirements.

o Color separation — f inal symbolization and draf ting (engraving)
of finished color separation negatives.

o Printing and Distribution — final chart printing and dissemination

to users.

- 11—1
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The envisioned overall production environment, as defined within
S the Advanced Cartographic System (ACS) concept, basically conf orms to these

current production phases. As automated systems and techniques are developed

and implemented , the phases of chart production will approach those of the

ACS concept:

o Source Data Acquisition and Processing

o Cartographic Data Bank Generation/Maintenance

o Source Exploitation and Product Compilation

o Product Finishing and Reproduction

Figure Il— i illustrates the logical associations of the major

production phases and identifies the major activities which are planned to

occur in each phase. Identified below each phase is a list of automated sys-

tems which are currently operationaland conceptually planned for the pro-

duction environment. The Advanced Compilation Techniques System (ACTS) de-

fined in this report is expected to operate within the bounds of the Source

Exploitation and Product Compilation Phase.

2. System Purpose

The purpose of the Advanced Compilation Techniques System is to pro—

vide a wide range of compilation functions in a batch processing environment.

The system functions will process data base source files and generate a batch

compiled product file. This capability will reduce the burden and extent of

compilation actions required by cartographers at interactive compilation

stations.

I
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3. Functional Capabilities

An analysis and feasibility study of ba tch compilation functions
was performed. The following is a brief statement of the objectives of each

of those functions examined.

o Input External

This accepts digital cartographic lineal data, converts it to the

standard system format, and appends it to any existing system

data base. Several forms of input must be accepted.

o Output External
Output External converts and transfers standard system format

data to one of several forms available for digital data bank

storage ,interface with other cartographic subsystems, or plotting.

o Scale
Scales the source files to standard compilation scale.

o Transform
Perf orms projection transf ormation between geographic data and
standard system format cartesian data for several projections.

o Section

Divides a data file into subfiles along a given polygon boundary.

o Panel
Performs the smooth concatenation of features along a given

(set of) line(s) between two or more data files.

o Maintain Resolution

Reduces the data point resolution.

o Line Generalization
Smoothes lineal fea tures , producing a simplified, less convoluted
line which portrays the general character of the original feature.

The relative position of certain types of point and lineal
features may be maintained.

11—4

_ _ _ _ _ _  

J



--- .-,-—-.- . ..—‘-- -—
~~~~~~~~~~~~~~~~~~

———,- _— -- ‘——-. ., .--.——-.
~
-‘-——- .-—,—.—---.

o Automatic Contour Generation

This conver ts several forms of elevation da ta into lineal contours
and spot elevations in the standard system format.

o Feature Extraction

Deletes from the data base all fea tures which , according to their
classification, are insignificant to the product.

o Hold Point Annotation

Provides for the retention of previously specified features or

feature points within the data base.

o Feature Placement

Locates and provides for the retention of feature intersections
or junctions which are critical to the product.

o Automatic Feature Culling

This deletes from the data base all features which, according to

their classification, are insignificant to the product. Those

features of importance due to their relationship with other features

are recognized and retained.

o Area Feature Deletion

Deletes from the data base those features which are insignificant

to the product according to their classification, their relation—

ship with other features, and the general chart subarea character-

istics. The chart subareas ar~ user defined.

o Coalescence Deletion

Recognizes and deletes from the data base those features or feature

segments which coalesce illegally with other features on the pro—

duct. 
j

11—5 

. . . . . I .



o Coalescence Shift

Recognizes and adjusts those features or feature segments which

coalesce illegally with other features.

o Fitting Contours to Drainage

Adjusts contours so that upstream undulations are properly aligned

with the appropriate drainage feature. The relative position of

contours to spot elevations and to other contours is maintained to

preserve chart accuracy.

o Automatic Symbol Change

Recognizts and corrects feature symbology requiring modification

due to a reduction in chart scale. This includes conversion from

an area feature to a point symbol, and conversion of a group of

point symbols to an area feature.

o Symbolization

Produces a properly symbolized version of the compiled feature

data base.

o Automatic Type Placement

Places indicated text into the data base. The text is in the

correct font, properly oriented , and does not conflict with other

features.

A subset of these functions will comprise the Advanced Compilation

Techniques System (ACTS) addressed in this document. Function

selection was based on the following criteria:

— new or untried processes

— worth to overall batch compilation objectives

— extensive use of production specifications

11— 6
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Based on the above factors, the following functions were identif ied for
experimental development:

o Automatic Feature Culling — capability to detect and process com—

plex feature relationships and extensive use of product specifications.

o Coalescence Deletion — detection and examination of illegal

coalescences and extensive use of product specifications.

o Coalescence Shif t — capability to modify da ta without generating

subsequent conflicts.

o Automatic Symbol Change — capability to detect feature portrayal

characteristics and modify accordingly.

o Automatic Type Placement — automatic selection, placement, and

orientation of alphanumerics.

The following additional functions are required to format and re—

duce data, provide verification capabilities, prepare the data for the com—

pilation functions, and to complement the above experimental functions.

These include:

o Input External

o Output External

o Scale
o Maintain Resolution

o Feature Extraction

o Hold Point Annotation

o Feature Placement

o Line Smoothing

11—7
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4. Interfaces

The Advanced Compilation Techniques System (ACTS) will conform to
the Advanced Cartographic System concept. It will operate within the Source

Exploitation and Product Compilation phase. Based on the role of the Ad—

vanced Compilation Techniques System and its various components, several
interf aces with other manual and automated systems are required as illustrated
in Figure 11—2. Two general types of interfaces are currently defined.

o Pre and Post—Compilation Interfaces

— Data Bank Interface — consists of input of digital source
information and associated source identification information

and recommended usage.

— Product Finishing Interface — consists of output of digital
feature files and associated proof plots.

o In—Process Interfaces — those interfaces which occur during the

compilation phase and involve supplementary manual techniques or

automated systems, such as:

— Production management and control
— Interactive compilation and proofing

11— 8
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• 5. I/O Requirements

Raw car tographic data is prov ided to the ACT System by the prev ious
phases of the chart production process. This digital data includes a

variety of sources, scales, and depth of information. The effectiveness of

the ACT System is directly related to its ability to reduce, commonize, and
select feature information for a particular product. Feature classification

information required to perform batch compilation is extensive. The schemes

utilized in the Cartographic Data Base or Lineal Input System will approach

sufficient description. Ultimate control over the processing of this data

is furnished by the cartographer.

Results are transferred to the final phase of the chart production

process as digital cartographic data in a lineal format. The user is pro-

vided with printed reports , graphic portrayal (plots), and optional exception
and/or auxiliary data files. Data volume is projected below based on

sample densities of an 18” x 26” graphic product.

(Final Product) = (2/3 x Batch Compiled Output) = (¼ Input Source Data)

Lineal Inches

Low Medium 
____

• Input Source Data 16,000 24 ,000 40,000
Batch Compiled Output 6 ,000 9 ,000 15,000

Final Product 4 ,000 6 ,000 10,000
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6. Design Requirements

The set of design requirements stated in the SOW were used as a

baseline for this document. These include:

Sof tware

o Provide modular designed operating system to allow for ease of ex-

pansion and/or modification.

o Provide that each function to be performed is addressed by a
single callable module.

o Allow the sequencing of modules so that any part of a complete

compilation can be performed during a single run.

o Modular design is to include considera tions for the variable
sequencing of tasks.

Hardware

o Designed system shall operate on the HIS—6180 or HIS—635 at RADC

and must include consideration for ultimate transfer to the
Univac 1108.

Operation

o System designed shall reduce the burden placed on the cartographer
and the terminal station. This will result in placement of

cartographers in their most effective role as reviewers of the

batch processed digital feature data for correctness and complete-

ness.

In addition, PRC has applied the philosophies of structured system design.

Il—Il 
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• B. Design Concepts

1. Overview

The Advanced Compilation Techniques System is planned to operate

in a batch processing environment and service a wide range of users. The

user will provide digital source files or identification of required files

that are possibly maintained on mass store devices. The software will inter—

pret user instructions and access Product Specif ication Files for compilation
directives. Appropriate software processes will be applied to digital

fea ture data and compiled feature informa tion will be output for fur ther
compilation plotting and proofing. The software will maintain all pertinent

processing statistics and error conditions and will generate a job report for

user review and verification. A basic operational flow of the major com-

ponents of the system is presented in Figure 11—3. This section discusses

design concepts for major components of the proposed experimental system de-

sign.

2. User Inputs

The system user will typically be responsible for def ining several
types of information pertinent to the job execution. Types of informa tion
might include: data ‘.,ase source file names, type of compilation job and/or

specific processing functions to be exercised, processing parameters for

• each function (if applicable), Product Specification File to be applied, and

types of output required.

The above list of user inputs is not intended to impose unnecessary

inputs from the user, although certain jobs are anticipated to require some-

what definitive direction from the cartographic user. We expect that

“standard job run stream” techniques will be employed for normal batch pro—

cessing jobs. Also, standard default values should be used where possible.
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3. Conventions and Design Philosophy

This section presents some high level processing conventions and
concepts planned for the design of ACTS.

o Multi—Phase Processing — the software structure will provide for

multiple phases of processing. Each phase will consist of a set of

processes which are associated because of level of complexity and/or
level of compilation processing. The processing phases will con-

sist of:

— Phase I — Data Formatting, Commonization , and Reduction

This is the process of reducing and converting all chart

data to the common form required by the system. It includes

elimination of all unnecessary data and performing all

functions which can be achieved against a single feature.

The f unctions falling within this area are:

—— Input External

—— Scale

—— Transf ormation

—— Sectioning

—— Resolution Maintenance

—— Line Smoothing

—— Feature Extraction

—— Output External

— Phase II — Conflict Identification and Adjustment
This involves the recognition of feature relationships, such
as intersections, coalescence, and proximity, which directly
affects the course of action to be followed during t.~e com—

pilation process. It serves to identify the features (or
feature segments) requiring modification. The processes of

altering or replacing the appropriate features will also be

performed. The surrounding areas must be examined following

each modification to insure that undesirable confl icts have

11—14



not been created. The functions included within this area are:

• —— Line Generalization

—— Automatic Feature Culling

-— Area Feature Deletion

—— Coalescence Shif t

—— Coalescence Detection

—— Fitting Contours to Drainage

—- Automatic Symbol Change

— Phase III — Compilation Finishing
This f inal phase prepares the compiled chart for cartographer
verification. Feature relationships must be considered. The

functions include :

—— Symbolization

—— Automatic Text Placement

—— Paneling

o Input/Output Commonality — the output format will be compatible

with the input format requirements. This capability will permit

par tial compilation, review and proofing and re—entry of data files
for further processing.

o Standard Internal Data Buffer — all applications f unctions will
operate against a standard feature data buffer. This will permit

independency of I/O formats, commonality of processing conventions,
and ease of application of multiple functions to a resident feature.

o Structured Random Accessed File — design of the indexed f ile, em-
ployed for complex association processing, will consider compatibi-
lity with the structured file designed for interactive compilation

stations. This concept could allow for direct use of the structured

file by the batch or interactive systems.

o Compilation Rules and Guidelines — the batch compilation functions

will require extensive sets of compilation directives. To allow

for systematic creation and update these directives will be main-

tained in a Product Specification File separate from program logic.
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4. Control Structure

The batch compilation design must provide a somewhat unique and

flexible control and sequencing of processes. This situation exists because

of the variety of functional processes required for batch compilation and the

multitude of job types required for product compilation. To facilitate these

requirements and the “phase processing concept” two levels of control are
recommended. In general controllers will regulate the flow of functional

processes and data. A “system controller” will control high—level processing

between major phases; and individual “phase controllers” will direct all pro-

cessing within each of the three functional phases. Figure 11—4 illustrates

the high level control structure.
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5. Input/Output

Digital cartographic data is input to and output from the ACT Sys-

tem. This data is a lineal representation of individual geographic features.

Magnetic tape is used as the repository for this information. This data may

be in standard ACT format or an external form accepted and/or produced by some

other automated system.

Car tographic Data Bank information serves as input to the ACT

System. This data may have originated from various sources and be defined

in different formats. A sufficient level of feature descriptive information

is required by the ACT System. This is further defined later in this docu-

ment. Input may also consist of data previously output by the ACT System.

Thus, the system user is provided the capability to determine problem areas,

modify parameters, and repeat selected processes.

Output produced by the ACT System is compiled digital cartographic

data. It may be prepared for various destinations and be defined in different

lineal formats. This data may be in the ACT System standard format. The

capability to save the data file indices on tape will facilitate subsequent

processing if this data is re—input to the ACT System. Both the processes of

saving and restoring this index information require further investigation

during detailed system design.

A significant volume of data will be input to and output from the

ACT System. Some of the variable factors influencing the data volume include:

o Format size of product
o Scale of product

o Density of feature information derived from the input data base

o Data point storage formats

o Data point resolution (allowances should be made for variable curvi—

linear resolutions and point—point straight line segments)
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6. Data Base

-• a. Role and Services

The data base is a major component of the Advanced Compilation
Techniques (ACT) system. It provides the capability to retain cartographic

Information in a digital form. Information stored in the data base must be

comprehensive enough to support the data requirements of all pertinent car-

tographic products. Additionally, it will contain information providing

system control.

The data base will provide an efficient method of storing,

maintaining, and retrieving cartographic information. To achieve this, a

sophisticated data management system will be developed.

The major role and purpose of the Data Management System

(DMS) is to provide the software support interface between the applications

programs and the data processed by these programs.

Fundamental to the design of the DMS is the establishment

of the data contents of the feature files. In the context of this document

aata contents is independent of the storage structure (i.e., the way data i~
phyoically stored by the DMS). The data contents of feature files on the ACT

System is discussed below. Each refers to a standard ACT System feature file

format presented later in the document.

o Feature File — This f ile will be in the standard ACT System
• feature file format. The file will consist of features represented

by header/descriptors and feature segments (data lists). It will

be able to be re—input to the ACT System for further exploitation

processing. The use of this file form supports the concept of

indexing only prior to functions where indexing is required to im-

prove processing speed and feature accessibility.

o Indexed Feature File — The Indexed Feature File will be in the
standard feature file format and will have either or both a lo-

cational and descriptive index. This file will be utilized by

those functions requiring an indexed file to facilitate their
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processes. As with the Feature File, this file can be re—input

• to the system.

• The features within either file are logically independent

of one another. However, they will be explicitly inter—related in a manner

controlled by the DMS. Some of the ways in which features may be inter—re-

lated are :

o Predecessor and successor relationship arising from a feature

manipulation compilation function.

o Geographic relationship of features which are located in proximity

to one another.

o Feature group relationship in which features belong to a common

branch of the feature classification hierarchy.

The design concepts achieved by use and existence of both

types of fea ture f iles are as follows :

o Feature files can be re—input to the ACT System

o Indexing performed prior to those functions requiring such

o Phase I functions will operate on either feature file

o Feature files are in standard ACT System format

The most critical aspect of the system design is data re—

trieval. The key to achieving the optimum performance of the DMS will be to

minimize the total accesses required to store, modify or retrieve feature

data. The DMS must permit a variety of access techniques to avoid sequential

search, including the following:

o Retrieve feature by ID number

o Retrieve feature by locational index grid cell within a threshold

and belongs to a certain feature group

o Retrieve all features belonging to a feature group

o Retrieve all features belonging to a feature group that also

occupy a certain area.
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b. General Content

The data base will consist of a variety of file types. These

will include but not be limited to the following:

o Feature File

o Indexed Feature File

o Product Specification Files

o Symbol and Character Libraries

o Compilation Summary File

Each of these files will contain a file header describing

the contents of the file. The information contained in these headers will

vary with file type. This descriptive data is required to provide an over-

view of the file contents. A general list of the information contained in

the file header is presented below. This is not a complete list. It provides

a conceptual representation of the file header contents.

o File name

o File type

— feature file
— product specification file

o Date created

o Date modified (last)

o Relevant cartographic facts
• 

— sheet name, locality designation
— sheet number
— highest feature number
— production specification (JOG ,ONC , TPC)
— latitude, longitude lower lef t corner

11—21



— latitude, longitude control points
— number of control points

— font types

— scale

— file history indicators

— highest fea ture number in f ile
— projection type

A primary element of the data base is the Feature File and

the cartographic feature which consists of a lineal cartographic representa—

tion and a feature description. Each feature belongs to one and only one

feature class , which is the entry—level of the cartograhic group relationship.
The classification of each feature will be self—contained within its feature
description. The hierarchical feature classification structure will be the
same as or a simple derivation of a structure common to many current carto-

graphic data bases. The hierarchical group structure consists of:

o Feature Class

o Feature Type

o Feature Subtype

o Feature Descriptors

• Additionally, a degree of textual and auxiliary descriptive data is required

to fully describe the feature. The descriptive data contents are obtained

through investigation of the production spedifications and user requirements.

This descriptive data will reside in the feature header and include:

o Feature ID

o Number of Header Records

11—22
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o Number of Feature Segment Records

o Special Nume~ !c

o Name

o Comments (free text )

o FIrs t and Last (X ,Y) coordinate

o Minimum and Maximum (X,Y) coordinate

o Intersection Points

o Intersecting Feature ID

o Hold Points

o Compilation Facts

— Function(s) performed on feature (e.g., scaled , feature ex-
traction, etc.)

— Actions taken against feature (e.g., ‘Iccept/reject, segment
shift, etc.)

— Date perfor’~ed

• — Exception tlag

— Tex t fon t

o DMS data -

A set of the descriptive data should be retained in a segment header. The

• existence of a master header and segment header is suggested here. This

concept provides the ability to describe a feature segment differently than

the fea ture , in turn providing a method of subjective feature processing.

It further allows the functions to perform their tasks more effectively by

providing them with more detailed information.

The content of th~ Product Specif ication Files are fully
discussed in the following section. The Symbol and Character Libraries will

contain the digital image of the more complex symbols used to represent

features on the finished product , ~1phanumerics and other special characters.
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These libraries will be maintained at the smallest point size used and

scaled to generate larger point sizes. They will be created at a large

scale to provide greater accuracy. A separate Character Library is required

for each style.

c. Structure and Processing Concept

The structure of this data base is important to operation of

the automtic batch compilation processes in the ACT system. Prior to de-

veloping the design of the da ta base , the following processing concepts must
be considered.

(1) Compatibility with Interactive Structure

To facilitate the development of a complete compilation

system, the structure of the data base should be compatible (possibly identical)
to that of an interactive compilation system. This concept will allow for

the continued refinement of the data base in an efficient and timely manner.

The cartographer could utilize this method of repeated batch and interactive

processing to achieve a cartograpicaUy accurate product.

(2) Segment Feature History

A complete history of the functions performed on each

feature and of feature segments modified will be useful to the development

of a complete compilation system. A history field in the feature master

heacer is required to indicate the last action performed on the feature. Ad—

ditionally a history field is required in each modified feature segment header

to indicate actions taken on the segment. These fields are used to record a

feature ’s trail of events. As a modification is made on a feature segment,

the action must be recorded . The cartographer can then use this information

to assist in the proofing and further correction (if required) of the features.

The corrections could be made in the interactive or batch mode. This infor-

mation may also prove useful in the batch compilation area. Functions other-

wise not feasible may become so by exploiting the data in the history field.
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A par tial list of the car tographic fac ts required in

the history field is:

• o Functions performed

o Extent of adjustments, where applicable
o Acceptance/rejection codes
o Cartographer as~tion

o Date of action

An example of the use of a history field in the feature

file is given in Figure 11—5 . This figure depicts the use of a history field

in the feature master header and each feature segment header. Further, it

shows that upon each modification to the feature, the feature master header

is updated and each segment header is augmented to contain history informa-

tion.

(3) Expandable Header

The fea ture header is the vehicle used to maintain the
feature identification; the feature segments depict the cartographic portrayal

of the feature. In previous cartographic data bases, the feature segments

have been variable in leng th, whereas the header has been a fixed length.
This header type can only store a finite set of information. By allowing a

f ixed master header with variable length segment headers linked together in a
manner similar to feature segment data, the amount of information stored be—

- . comes expandable. A preliminary storage structure is presented to develop

a conceptual design approach for the DMS (Figure 11—6).

d. Support

The data base requires support software to efficiently store,

update, and retrieve data. This software must emphasize optimization of speed

and space. Files will reside on disk. This rapid access mass storage device

provides for storing and accessing large quantities of cartographic data in a

timely manner.
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The data management system is required to provide support

to a variety of file types. These include:

o Indexed Feature Files

o Product Specification Files

o Symbol and Character Libraries

o Compilation Summary Files

The DMS software will organize the data into a standard buffer format. The

functional sof tware in the ACT System will operate on these standard buf fer
formats. This will simplif y coding and program modification. These buffer

formats are designed to provide only required information to each function.

Consequently a number of buffers exist. Multiple buffers are based on the

concept that functions will receive data only on a need to know basis. This

provides control of the data and therefore software cannot modify or utilize

information not required for its process.
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7. Product Specification File

a. Role and Services

The Product Specif ication File (PSF) provides direction and
guidance for the Advanced Compilation Techniques (ACT) system processes. In

the manual compilation process , produc tion specifications and professional
expertise dictate the appropriate actions for a given chart. The PSF assumes

a portion of this role in the batch compilation process. To effectively per-

form this role, subjective areas of the production specifications must be
reflected in the PSF. This requires transformation of guidelines from their

current human oriented form into precise numerical terms allowing software

interpretation. This ideally should be accomplished by a group of cartographers

to obtain objectivity by consensus. Thus, the graphics produced by the auto-

mated system would exemplify those compiled manually. Due to the subjective

nature of the specif ications , the same chart compiled by n different cartogra-
phers can produce n different results. Conversely, due to the objective

nature of the PSF, the same chart compiled repeatedly on the automated sys-

tem will always produce the same results.

The PSF directs much of the feature processing within a

function. Criteria indicating the functions to be performed on a feature

are also provided. Thus, software decisions are based on PSF parameters.

These combined with external control determine the flow of data through the

system components. The controlling nature of the PSF dictates that it con—

tath accurate, readily accessible information.

b. Contents

Various types of information are maintained within the PSF.

This includes:

o tolerances

o symbol and text placement directions

o feature selection criteria

o conflict identification parameters

o conflict resolution parameters

o desired feature characteristics (e.g., closed)
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o fea ture pr iori ties
o parameters unique to automated systems

This information represents both the required function parameters and the

production specifications. A partial list of the function parameters is

included in Appendix A.

Production specifications differ for each product type.

Analysis of the Joint Operations Graphic (JOG) and Operational Navigation

Charts (ONC) production specifica tions indicates the necessity of a separate
PSF for each product type. Thorough analysis of the specifications is re-

quired to determine the exact contents of each PSF. The PSF contents will

dictate the criteria which must be met prior to performing each ACT process.

Appendix A illustrates some of the guidelines to be included in the

PSF. The examples given support, in part, several ACT functions :

o Feature Extraction

o Automatic Feature Culling

o Coalescence Deletion

o Coalescence Shift

c. Structure Concept - 
-

The PSF is an extremely crucial component of the ACT system.

It is an interpretation of the production specifications which are subject to

modification as technology advances or as DMA missions change. The design of

the PSF must therefore incorporate the qualties of a good structured design.

The storage scheme shall be readily expandable while not consuming excessive

space. During ACT system processing, the PSF is envisioned as residing on
a rapid access mass storage device with permanent storage on magnetic tape.

Access into and software interpretation of the PSF will be

facilitated by Its structure. This structure is based upon the ACT software

requirements and the PSF contents. The PSF configuration consists of

parameters arranged within fea ture classif ications arranged by f unction
(See Figure II— 7 ). This is suited to all phases of the ACT system.
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Figure 11—7 PSF Structure Configuration
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The PSF contents dictate, to some extent, the exact structuring of

specific parameters within each feature classification.

d. Support

Software is required to create, maintain and access the PSF.

PSF guidelines are crucial to the A~T system and proper PSF structuring

should provide rapid retrieval of the desired information by the appropriate

Data Management System (DMS) service.

Creation and maintenance of the PSF are low priority, back-

ground operations. They may be considered a separate subsystem and include:

o creation of the PSF

o transfer of the PSF between magnetic tape and mass storage

o add ition of guidelines to the PSF
o deletion of guidelines from the PSF

o replacement of guidelines within the PSF (deletion , then addition)

o deletion of entire (portions of) PSF

o printing of the PSF
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C. Software Structure and Processes

1. Structural Overview

The Advanced Compilation Techniques System (ACTS) defined in this

document is a modular system designed accord ing to the philosophies of
structured top down design. A full set of compilation and supportive

functions were defined by the initial system requirements. Certain crucial

functions which demonstrate batch compilation techniques have been selected

for the preliminary development. These functional elements are illustrated

by Figure 11—8.

Three distinct, functionally cohesive processing phases have been

identified:

o Data Formatting, Commonization and Reduction
o Conflict Identification and Adjustment

o Compilation’Pinishing

A System Controller regulates control and data flow between these phases.

It also regulates communications with the system user. Each phase consists

of a group of compilation and/or supportive functions. These functions are

governed by a Phase Controller. Support Services perform separately identi—

fiable tasks which may be required by several functions . The Data Manage-

ment System (DMS) Services are the vehicle for interaction with the various

data files. Phase I processes features on an individual basis . All inter—

action with DMS Services in Phase I is via the controller. Phases II and

III must be aware of feature relationships. Various support and DMS Services

are required by each function, and thus are requested by the functions.

The ACT System has been decomposed so as to identify the purpose

of all required functional processes and Support and DMS Services. The

following section def ines the requirements of each functional sof tware level
identified by this decomposition process. The standard terminology used

throughout is defined in Appendix B. Figure 11—8 defines the symbology

used in the data flow graphs.
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2. System Controller

The System Controller regulates the Advanced Compilation Tech—

niques (ACT) System. This software is responsible for coordination between

user input, system software components, data base components, and system re—
porting. In addition, it must initiate subordinate ACT Phase software

in the proper sequence.

The System Controller is initiated by and responds to the opera—

ting system. In a batch environment, this is governed by the run stream

control cards. Communications between the System Controller and the software

components can be construed as the “input” to the System Controller. This

“input” data is interpreted and utilized in governing the ACT System proces—

sing.

The System Controller begins by requesting the User Control Ser-

vice. This may require some type of input device identification (e.g., card
reader or terminal logical unit identifier) as input. This service responds

by defining a series of Parameter Buffers (PBs). Each contains processing

parameters for a specific (portion of a) Phase of the ACT System. These

PBs are retained, in sequence, by the System Controller. The User Control

Service signals the System Controller when the final PB is completed and

other processing may be initiated.

These PBs are utilized by the System Controller to initiate the

proper functions in the proper sequence. They also provide the vehicle by

which Information is transferred from the user to the appropriate software.

The System Controller insures that software can access this information only

on a need to know basis via regulation of these PBs. Actual processing

within the System Controller is relatively simple. It begins with the first

PB and continues through the sequence to the last. The Phase indicator

within the PB is examined and the appropriate Phase Controller initiated.

The current PB and any continuation PBs are input to the Phase Controller. The

System Controller is notified upon Phaae completion, and the next PB

examined. This cycle continues through all PBs. The Process Reporting

Service is requested after all phases have completed. It may or may not
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have an associated PB. Upon report completion, the System Controller is
notified and a response (i.e., exit) is issued to the operating system.

The System Controller is notified in the event of en irrecoverable
error. Appropriate actions (e.g., close file) are taken. Error information

is stored in the Compilation Summary File via the DMS service. The Process -
•

Reporting Service is requested. Upon completion of the report, the job

aborts.
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3. Phase I

a. Phase I Controller

The Phase I Controller regulates the less complex -Data

Formatting, Commonization , and Reduction processes. This includes:

o acceptance and verification of user input parameters

o preparation of input to each function

o initiation of appropriate functions in the proper sequence

o verifii~ation of output from each function

o interfacing with the necessary DMS service routines

o updating the Compilation Summary File

o response to the System Controller

The Phase I Controller receives user parameters from the

System Controller via the Parameter Buffer. These parameters include the

functions to be performed, any non—standard function sequencing, and all re-

quired and user override parameters for the functions. In addition, the

Phase I Controller must be notified if any Phase II or Phase III functions

have been requested.

The Phase I Controller interprets and validates the user

parameters. These, along with standard procedures, serve as guidelines for

construction of the process flow control stream . This control stream in-

dicates the functions to be performed and their sequence. Phase I functions

are illustrated by Figure [1—9. They include:

o Input Ex ternal

o Feature Extrac tion
o Scale
o Line Siaoothing

o Output External

11—37



00 -L

(0 1_i

0 0
— 0 0 . u-I

1J 4J
S M

‘4

‘-4 -4

00

4J 4J W 1J

U .~~~~

\\

Figure II— 9 Phase I Functional Breakdown

11—38



- - 
~

•----—- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ---• - - —~~~~~~ -•-~~ - - -~~~~~~~ -

- 
- 

Feature relationship8 have no a f fec t  upon Phase I processes. Features are
processed individually. Indexing is not required. In Phase I, each fea ture
is processed by all appropr iate f unctions before proceed ing to the next

• feature. Therefore, the Phase I Controller Initiates and regulates the pro—

cess flow of each feature through the functions. The cycle is repeated until

all features have been processed. Control is then returned to the System

Controller.

For each function, the Phase I Controller prepares the input ,
initiates the function, and validates the response. It also serves as a

repository for information which must be retained by one function while another

function is active. Phase I Controller processing is similar, but not

identical,for all functions. In general, input to each function consists of

a Feature Buffer containing a feature header and data record, a Product

Specification Buffer (PSB), and appropriate indicators (i.e., end of feature).

The Product Specification Buffer is constructed by the Phase I Controller.
It contains the PSF guidelines updated by user overrides and additional user

parameters for each function. The amount of information required for each

function will determine if an individual PSB is required for each function or

if one (or two) PSB will suffice.

The response to the Phase I Controller will consist of

the Feature Buffer, an updated Compilation Summary Buffer, and any appropriate

indicators. Exceptions include:

o Input External does not require a Feature Buffer as input

o Extraction does not require feature data records as input

o Output External does not return a Feature Buffer as output

The process flow control stream is modified when the Extraction Function

identifies a feature to be deleted . In this case, the remainder of the

functions need not be performed on that feature. The Extraction Function may

also identify a feature as not requiring any Phase II or III processing .

Such features are immediately processed according to the control stream

defined for post Phas6s II and III processing. Additionally , each function

recogntzes error conditions and notifies the Phase I Controller . These

errors are then returned to the System Controller.
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The origin and destination of features processed by the

Phase I functions is indi~~ted by the process flow control stream. Selec-

tion of the Input External or Output External Functions indicates that

features originate from magnetic tape, or are output to magnetic tape, re—
• spectively. Absence of these functions indicates Phase I interaction with

the ACT Feature File residing on disk. The Output External Function is not

immediately performed when any Phase II or III functions are requested . In

• this case , features are stored in the ACT Indexed Feature File via the DMS

services. These features are indexed by the DMS as they are stored . Simi—

larly, when the Input External Function is not selected, features are ob-
tained sequentially from the ACT (Indexed) Feature File via the DMS service.

The Phase I Controller accomplishes required interaction with DMS services.

Upon completion of Phase I processing, the Phase I Con-

troller returns control to the System Controller. The Compilation Summary

Buffer has been continually revised by the functions. The DMS services are

used to perform the update of the Compilation Summary File. In the event of

an irrecoverable system error , the Phase I Controller provides the System

Controller all information necessary for an orderly system shutdown.

The Phase I functions are addressed below. Input, process,

output requirements and performance objectives are discussed for each

function. In adhering to the philosophies of structured design, individual

function processes are transparent to all external ACT system components.

That is, within each function, all other functions and the controllers are

defined only by their purpose. Similarly,  a function can access data only on

a need to know basis.

b. Input External

(1) Purpose

The Input External Function obtains lineal cartographic

data from magnetic tape and converts it to ACT standard system format.

(2) Description

(a) Input

A featutndata magnetic tape, tape identifier, f ile

name, and source data format are input to this function. An indicator re-

questing a new feature or continuation of a feature is also supplied .
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(b) Processes

The Input External Function reads a feature
record (header or data) from magnetic tape. If a new feature is requested,

any continuation records on the tape are ignored and the next fea ture header
is read from the tape. This record is converted to the ACT standard system

format and placed in a Feature Buffer. The Phase I Controller initiates

the process for each record and receives the Feature Buffer. Initial tape

read , end of f ile, and/or end of tape indicators will be recognized, and
the Phase I Controller notified. Appropriate information is placed in the

Compilation Summary Buffer. Any tape errors are recognized and processed

accordingly. Figure 11—10 illustrates the data flow for this function.

(c) Output

- 
The Input External Function returns ~cs output to

the Phase I Controller. This includes a properly formatted feature record

in the Feature Buffer, process information in the Compilation Summary Buffer,

and any appropriate error response. The output may include indicators for:

o Beginning of File

o End of File
o End of Feature

o Fea ture Header Record

• o Feature Data Record

(d) Performance Objectives and Processing Var iables

Design of the Input External Function must be

modular , facilitating incorporation of various input formats. Initial

development software will accept ACT standard system format and one external

format input data. The system user is required to supply source tape and

format identification. Time and space requirements of this function should

be minimal. Optimization of time resources is restricted only by the time

necessary to read the magnetic tape.

Within a fea ture , inpu t records may dif f er in
length from a Feature Buffer. The Input External Function will recognize

and process this condition appropriately .
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c. Feature Extraction

(1) Purpose

This function will provide a basic service of selecting
features for further compilation processing, suppressing features from Phase

II and III processing, and rejecting fea tures from any further compilation
. processing. This capability provides a flexible tool to automatically flag

features for selection or rejection and additionally the ability to select a
single unique feature or feature group for further specific processing.

(2) Descr iption

(a) Input

Input will consist of a Feature Buffer containing

a feature header and a Product Specification Buffer (PSE). This PSB contains

user input and PSF data pertinent to Extraction. User input will consist of:

o Indicator to use PSF or user parameters or both

o PSF overriaes

o Individual feature ID’s to be selected/rejected

(b) Processes

The Feature Extraction Function will flag each
- - 

feature for selection, suppression from Phase II and III processing, or re—

• jection for the production compilation. This will involve comparison of the

feature classification (e.g., unique ID, class, type, subtype, descriptors,
special numerics) with the Extraction criteria in the PSB. The Feature Buffer

and appropriate flag are returned to the Phase I Controller. The Compilation

Summary Buffer is updated with the required information. Error conditions

are recognized and processed accordingly . Figure II— 11 illustrates the data - -

f low of the Feature Extraction Function.

(c) Output

The primary output from Extraction is a status flag

being set to select/suppress/reject the feature. Any processing statistics : -

pertinent to the function are recorded in the Compilation Sununary Buffer .
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. (d) Performance Objectives & Processing Variables

- The Extraction Function must allow for extensive

flexibility for defining feature extraction parameters. The design must

allow the user to extract a single feature as well as a complete feature

group for further compilation processing, deletion , or suppression from

Phase II and III types of processes.
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d. Scale

(1) Purpose

The Scale Function mathematically converts the scale of

a cartographic feature, such that relative geometric relationships are maintained .

(2) Description

(a) Input

A Feature Buffer containing a feature header or

data record is input to the Scale Function. Additional required input in-

cludes feature or data record identifiers, start and end of feature indica—

tors, and new scale or previously computed scaling factor.

(b) Processes

The scaling factor must be determined from the

original and new scales prior to actual scaling of the ACT Feature File. The

new scale is obtained from the Parameter Specification Buffer (PSB). The

original scale must be available from the Feature File control records or

from user input in the PSB. The Scale Function updates the file control

with the new scale. Scaling requires the modification of each feature data

point and the correspond -~ng update of all appropriate header information

(e.g., mm , max, x,y coordinates). The header records are updated after

the feature points in all data records have been scaled . The required

header update information is determined by the Scale Function during the

data record processing. The Phase I Controller insures that this function

receives the feature records in the proper sequence and that the start and

end of feature indicators are set correctly . Appropriate information is

recorded in the Compilation Summary Buffer. Any errors encountered are

processed accordingly. Figure 11-12 depicts the data flow of the Scale

Function.
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(c) Output

The Scale Function produces a feature at the new

scale. This feature is output as a series of feature records via Feature

Buffers. An updated file control record , Compilation Summary Buffer , and

appropriate indicators are also produced .

(d) Performance Objectives and Processing Variables

- The Scale Function performs a change in scale of

the ACT Feature File. The scale may be increased or reduced . The scaling

factor (i .e. ,  multiplier) shall range from .0001 to 9.9999

Minimal resources are required . The original

chart scale must be avail~ble from either the source fi le or the user ; the

new scale is either user defined or contained in the PSF.

e. Line Smoothing

( 1) Purpose

The Line Smoothing Function produces a simplified , less

dense line which conveys the general character of the feature.

(2) Description

(a) Input

A Feature Buffer  containing a feature he der or

data record is input to the Line Smoothing Function. Additional input in-

cludes the line smoothing algorithm(s) per class, tolerances required ,and

indicators for beginning, end or continuation of features via the Product

Specification Buffer. A header or data record indicator is also supplied.

(b) Processes

The initial step for the Line Smoothing Function

is to verif y that the feature requires processing by this function. Once

the feature type is verified , the algorithm and tolerance are obtained from

the Product Specification Buf fe r .  The Line Smoothing Function
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performs the required processes on the data record . These include

resolution maintenance and/or line smoothing with different algorithms as

specified in the Product Specification Buffer . Upon completion , an updated

data record will be returned to the Phase I Controller via the Feature

Buffer. This function will also return error indicators to the Phase 1

Controller. The Compilation Summary Bu f f e r  is updated wi th  the appropr ia te

statistical data . Figure 11—13 depicts the data flow of the Line Smoothing

Function.
• (c) Output

The output from this ft ’nction is an updated data
record buffer, Compilation Summary Buffer , and any error or processing in—

dicators required by the Phase I Controller .

(d) Per fo rmance Objectives and Pr ocessing Va r iables

The Line Smoothing Function is required to re-

duce the resolution and smooth a feature  while retaining the original

characteristic of the feature. It must be capable of processing each fea-

ture type with the algorithms specified at the requested tolerance. The

tolerance will be related to the feature class algorithm specified and

product type. The tolerance field should be sufficiently large enough to

hold the tolerance value regardless of algorithm it is associated with.

The Line Smoothing Function will perform resolution maintenance in con-
junction with or separately from the other line smoothing algorithms .

This will allow performing a line smoothing algorithm without resolution

maintenance. The user must be provided with the capabi l i ty  to override ~rny

specification.

• f. Output External

(1) Pur pose

The Output External Function converts the ACT Feature

File to the requested format and transfers that file to magnetic tape for

permanent storage or plotting .
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- • (2) DescrIption

-
• (a)  ~~ j~ j t

A Featu re B u f f e r  c o n t a i n in g  a feature header

data record is input to this function . Additional input includes desired

output format, magnetic tape Identification , and indicators for  start or end

• of f i le , start or end of feature and header or data record . This is pro-

vided via the Product Specification Buffer.

(b) Processes

A Feature B u f f e r  is received from the I’hase

I Controller . The feature information is converted to the output format

and records are written on tape . Special processes insure proper generatioi

of the tape label, end of file, and end of tape records. Required infor-

mation is placed in the Compilation Summary Buffer. Any tape errors are

recognized and processed . Figure 11-14 depicts the data flow of the Output

External Function.

(c) Outp u t

• A properly formatted lineal cartographic

feature file on magnetic tape is produced by the Output External Func tion .

Additional output includes indicators for end of f ea tu re  and end of f i l e

and report information in the Compilation Summary Buffer.

(d) Pe rformance Obj ectives and Processing V a r i a M vs

The funct ion design wil l  be modula r  to

facilitate the addition of output file formats . Initial development soft-

ware will provide the capability to transfer an ACT Feature File and at

least one external format file to magnetic tape. A plot tape will be ono

type of external format produced . The system user must identify the tape

and the output format. Within a feature , output records may differ in

length from a Feature Buf fe r . The Output  External Funct ion w i l l  recognize

and process this condition . Required resources will be optimized ; this is

restricted only by the time required to perform the tape write operation.
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It may be desirable to save the ACT Indexed
Feature File on tape. The actual feature data is the same as for an ACT

• Feature File and thus is acceptable to the Output External Function as de-

fined in this document. Maintenance of the locational and descriptive in—

dices on magnetic tape may require special processes. These processes are

• 
i 

dependent upon both the hardware devices utilized and the exact file and

index formats. As such , investigation into the feasibility of retaining
the Indexed Feature File on tape should be performed during detailed system

design.

I
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• 4. Phase Li

a. Phase II Controller

The software developed here will control the Conflict

Identification and Adjustment functions. It will:

o receive control and p-~rameters from the System Controller
o interpret parameters received

o request function

o provides function required parameters

o receive co~trci and parameters from function
o interpret parameters received

o call another function or return control and parameters to System
Con troller

This software is less sophisticated than Phase I control software. Its

decision processes are limited. The parameters supplied by the user and

Product Specification File determine the required functions and their se-

quence. This information is received by the Phase II Controller via the

Parameter Buffers. Therefore this software need only direct its functions

and serve as an interface between them.

The Phase II Controller will provide the System Controller

- . with all necessary information for an orderly system shutdown when an
unresolvable system error has occurred. The information will be passed as

parameters and will include:

o file name of files open

o functions completed

o functions to be performed

o func tion being performed
o error code

o feature ID error occurred on
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The Phase II functions are depicted in Figure lI—IS. They
• include:

o Automatic Feature Culling

o Coalescence Deletion
o Coalescence Shif t -

o Symbol Change

The input , processes, and output requirements for each function are pre—
sented below. These functions will be responsible for requesting the DMS

Service to store and retrieve data for the data base. The required access

technique is dictated by the function, therefore the function is best suited

for controlling access of the data.

b. Automatic Feature Culling

(1) Purpose

The purpose of the Feature Culling Function is to

automatically select or reject features based on product specifications and

feature relationships. The function must consider: feature selection/

rejection criteria contained in the PSF; regional physical and cultural

geographic factors which impact feature selection; relationships of features

which impact area portrayal; and density factors which might guide the

depth of features retained . This function is similar to Feature Extraction

although intended to provide a more rigorous determination of feature
selection/rejection.

(2) Descr iption

(a) Input

The primary inputs will be compilation specifi-

cations and guidelines provided from the PSF and/or user and the Indexed

Feature File containing the feature headers and data points. Specifically

the types of information will include the following:

o Feature Priorities

o Regional Charac ter istics
— Wet/Ar id
— Level of Transpor tation Network
- Population Pa ttern
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• — Type of Terrain

— Level of Cultural Development

o Feature Group Selection/Rejection Specifications

— Feature Group (e.g., unique ID, class, type , subtype)
— Feature Descriptors
— Feature Size (e.g., length, area)

o Feature Dependencies

(b) Processes

The Feature Culling Function will systematically

compare all features residing in the Indexed Feature File against product

specification information. The result will be that each feature header will

be flagged as:

o Accepted
o Unresolved
o Rejected

The major processing steps (see Figure 11—16) will include:

Step 1. Access appropriate sections of PSF and identify “next” feature
group to process, based on priorities.

Step 2. Get “next” feature of designated feature group via DMS services.

Step 3. Compare feature against feature group specifications (i.e., class,

type, subtype, descriptors) to determine unconditional acceptance

or rejection.

Step 4. If conditional case, investigate specific conditions (i.e., size,
fea ture density, relationship with other features, regional - •

characteristics).

Step 5. Flag feature according to determination in 3 or 4 and restore via

DMS Service.

Step 6. Return to Step 2 until all features of that group have been

processed .
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Step 7. Return to Step 1 until all feature groups have been processed.

Consideration should be given to assigning

numeric codes to each fea ture based on ~.he degree and/or rationale for accept-
ing or rejecting each feature. For example, those fea tures which are
specif ied as absolutely requ ired on the product (Step 3 above) would be
assigned a “90” while those rejected would be assigned ~ “jO”. Other reasons

for selection would be assigned a code between 20-80 as illustrated in

Figure 11—17. A major use of this technique will be to maintain a record

of the basis for the determination and to provide the user with a vehicle

to vary the depth of feature selection.

(c) Output

The primary outputs will consist of accept/

reject codes associated with appropriate feature headers. Additionally,

statistics will be collected and maintained in a Compilation Summary Buffer

for actions taken (e.g., number of deletes/accepts) and feature densities

associated with each accept/reject level.
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CODE REJECTION/ACCEPTANCE

10 
_____ 

REJECTED (based on fea ture header)

20 
______ 

REJECTED (based on f eature size)

30 
_______ 

REJECTED (based on regional factors)

40 
________ 

REJECTED (based on overall feature density)

50 
_________ 

UNRESOLVED

60 
___________ 

ACCEPTED (based on overall feature density)

70 
___________ 

ACCEPTED (based on feature size or regional characteristics)

80 
____________ 

ACCEPTED (ba~ed on relationship with other features)

90 
_________  

ACCEPTED (based on feature header)

Figure 11—17 Levels of Feature Selection/Rejection
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• c. Coalescence Deletion

- . (1) Purpose

The Coalescence Deletion Function detects and resolves
through deletion illegal coalescences for the file. This provides an its—

proved portrayal and interpretability of the selected feature information.

-
‘ 

(2) Def inition

(a) Input

The ACT Indexed Feature File (1FF) provides car-

tographic feature Information to this function. Additional input in the

form of processing parameters and guidelines is provided by the Product

Specification File (PSF). This is augmented and optionally overridden by

the user. Input includes, but is not limited to:

o product type (user)

o file name or- identifier (user)

o feature classifications which coalesce illegally and may be re—

solved via feature (segment) deletion

o minimum length of coalescence segment to be resolved via deletion

o minimum separation between non—coalescing features (i.e.,

coalescence tolerance)

o feature classifications whose internal area (i.e., area features)

is considered for coalescence

(b) Processes

The Coalescence Deletion Function must gather input

from the user and the PSF. Data Management System (DMS) services are

utilized to obtain the required PSF information. This data is placed in a
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Product Specification Buffer (PSB). It is updated according to user—

specified override parameters in the Parameter Buf fe r  (PB ) . Thus , later

processes are able to obtain all necessary parameters from the PSB.

This fu nction obtains candidate coa lescences via

the Coalescence Detection Service. Candidate coalescences are illegal

coalescences which may be resolved via deletion. These are identified by

featu re classification as defined in the P SB. A primary feature Is obtained

via the DMS service to retrieve feature by group. Primary feature classif I—

cations are the major PSB organization. Candidate classifications are listed

for each primary in the PSB. The Coalescence Detection Service is requested

to locate all coalescences between the primary and candidate features. The

primary feature master header is provided via a Feature Buffer.

Each candidate coalescence located by the

Coalescence Detection Service must be examined by this function to insure

tha t the segment exceeds the minimum length prior to deletion . The feature

segment is then deleted from the 1FF via the DMS service. Segments less

than minimum length are retained . Each primary feature is resubmitted to

the Coalescence Detection Service until each coalescence has been located

and resolved and a “no coalescence ” response is received. The next primary
feature is then retrieved and processed similarly. This continues until

all features for each primary classification have been processed and control

returns to the Phase II Controller. Appropriate statistics are posted into

the Compilation Summary Buffer. Any error conditions cause control to re—

turn to the Phase II Controller . Figure 11—18 illustrates the data flow of

this function.

(c) Output

Conflicts within the ACT Indexed Feature File are

resolved by this function. Additional output from the Coalescence Deletion

Function includes the updated Compilation Summary Buffer  and error indicators

as required .
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(d) Performance Objectives and Processing Var iables

This function locates and resolves by deletion

featire conflicts across the chart. The PSF determines which feature classifi—

cations are considered . Thus,Coalescence Deletion is restricted only by any

incompleteness in the PSF and accuracy of the Coalescence Detection Service.

Time requirements f or this function depend upon

the efficiency of the Coalescence -Detection Service.

The system user must input the product type. All

‘-)ther necessary inputs are supplied via the PSF. The user retains ultimate

control through the capability to override PSF parameters.

d. Coalescence Shift -

(1) Purpose

The Coalescence Shift Function displaces feature seg-

ments due to coalescence with higher priority features. This is performed

to produce the most accurate and aesthetic cartographic representation pos-

sible.

(2) Definition

(a) Input

The ACT Indexed Feature File provides cartographic

feature information to this function. Additional input in the form of pro—

cessing parameters and guidelines is provided by the Product Specification

File (PSF). This is augmented and optionally overridden by the user. In-

put includes, but is not limited to:

o product type (user)

o f i le  name or identification (user)
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o feature classifications which coalesce illegally and may be
resolved via f eature (segment) shif t

o minimum length of coalescence segment to be resolved via shift

o minimum separation between non—coalescing features (i.e., coal-

escence tolerance)

o feature classifications whose internal area (i.e., area features)

is considered for coalescence

o priority criteria used to determine which of the coalescing

fea tures should be modif ied

o direction of shif t, where applicable

o maximum distance a feature segment may be shifted

(b) Processes

The Coalescence Shift Function must gather input
• from the user and the PSF. Data Management System (DMS) services are

utilized to obtain the required PSF information. ThIs data is placed in a

• 
Product Specification Buffer (PSB). It is updated according to user—

specified override parameters in the Parameter Buffer (PB). Thus, la ter
processes are able to obtain all necessary parameters from the PSB.

This function obtains candidate coalescences

via the Coalescence Detection Service. Candidate coalescences are illegal

coalescences which may be resolved via shift. These are identified by

feature classification as defined in the PSF. A primary feature is obtained

via the DMS service to retrieve feature by group . Primary feature classif I—
• cations are the major PSB organization. Candidate classifications are listed

for each primary in the PSB. The Coalescence Detection Service is requested

to locate all coalescences between the primary and candidate features. The

pr imary feature master header is provided via a Feature Buffer.
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Each candidate coalescence located by the Coal—

escence Detection Service must be examined by this function to insure that

the segment exceeds the minimum length prior to modification. Segments less

than minimum length are not modified. This function is identical to the

Coalescence Deletion Function to this point.

The appropriate feature segment is then shifted to

resolve the conflict. This shift must not generate additional conflicts.

Absence of conflict is verified by requesting the Coalescence Detection

Service to locate any illegal coalescence with the new feature segment. The

DMS service is requested to replace the original with the new segment if no

further conflicts are identified. Otherwise, the original segment is updated
- • via the DMS to indicate that it is an unresolvable conflict. Each primary

~ ature is resubmitted to the Coalescence Detection Service until each coales—

cence has been located and resolved and a no coalescence response is received.

The next primary feature is then retrieved and processed similarly. This

continues until all features for each primary classification have been pro-

cessed and control returns to the Phase II Controller. Appropriate statistics

are posted into the Compilation Summary Buffer. Error conditions cause con—

trol to return to the Phase II Controller. Figure 11—19 illustrates the - 
-

data flow of this function.

(c) Output 
•

- 

- Conflicts within the ACT Indexed Feature File are

resolved or annotated by this function. Additional output from the Coales-

cence Shift Function includes the updated Compilation Summary Buffer and

error indicators as required.

(d) Performance Objectives and Processing Variables

This function locates and shifts conflicting fea-

ture segments across the chart. Shifting requires generation of a new

feature segment which is offset from, maintains the character of and joins

smoothly with the original feature segment . The PSF determines which

feature classifications are considered . Coalescence Shift is restricted only

by any incompleteness in the PSF and accuracy of the Coalescence Detection

Service.
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Time requirements for this f unction depend upon

• the efficiency of the Coalescence Detection Service.

L The system user must input the product type. All

other necessary inputs are supplied via the PSF. The user retains ultimate

control through the capability to override PSF parameters.

S
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e. Symbol Change

(1) Purpose

The Symbol Change Function simplifies feature por-

trayal. It is required after a scale reduction. The capability to convert

double to single line streams and area features to point symbols are initially
provided . Certain feature relationships will be retained during this pro— 

—

cess.

(2) Description

(a) Iflput

The ACT Indexed Feature File (1FF) provides
cartographic feature infoimation to this function. Processing parameters

and guidelines are provided by the Product Specification File (PSF) and from

the user via a Parameter Buffer (PB). This input includes:

o area feature classifications which isay become point symbols

o for each area feature classification, the parameters which must

be met (exceeded) for the feature to be represented by a point

• symbol (i.e., city area on actual map)

o the desired symbo]ogy for each area feature classif ication

o feature classif ications which are considered closed

o for each fea ture classif ication symbolized , the related feature
classif ications which may require modifica tion

o for each related feature classification requiring modification,

the criteria to be met, the type of change to be made (i.e.,

extend roads to city symbol; delete all city streets) and as-

sociated parame ters
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(b) Processes

The Symbol Change Function gathers input front the

PSF and the user. Required PSF information is retrieved and placed in a

Product Specification Buffer (PSB) via DMS services. This is augmented and

updated by user parameters from the PB. Subsequent processes obtain all

required information from the PSB.

Double line streams are maintainee ~s two features

within the ACT Indexed Feature File (1FF). Each feature representb one side

of the stream and has a side indicator (i.e., lef t, right). Within each,

the feature identifier for the other side is maintained , if known. The

Symbol Change Function obtains one side via the IJIIS service to retrieve

feature by group. The associated feature must then be obtained . This is

accomplished via the OIlS service to retrieve feature by ID when the identifier

is known. Otherwise, the Coalescence Detection Service is requested to lo-

cate all coaleacences of double line streams and the previously retrieved

side (i.e., primary feature). The feature which coalesces at the minimum

distance is accepted as the opposit. side. The minimum separation between

opposite sides of a double line stream is used as the coalescence tolerance.

Thus , a response of no coalescence indicates tha~ this double line stream

requires no ~y.bol change . Sim i larly , a coalescence segmen t represents

thos. feature segments which must be converted to a single line stream .

Wh.n the corr..ponding stream side can be retrieved by ID function , the

Coalescence Detection ServIce is requested with both features to determine

If symbol chanee Is reouired .

Conversion to single line requires generation of

a new feature segment midway between the original segments. This segment

must join smoothly with the remainder of the features. A coalescence seg-

ment less than the minimum length remains unchanged . The Coalescence De-

tection Service is again requested to locate all conflicts with this new

segment (e.g., islands). Any conflicts located are properly resolved (e.g.,

island s are deleted).
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The Symbol Change Function converts area
features to point symbols. The area feature classifications are obtained

from the PSB. Candidates are extracted via the DMS service to retrieve
feature by group . Each candidate is examined to determine if it meets the

symbol change criteria (e.g., city area) defined in the PSB. Only those

meeting all criteria are replaced with a point symbol. This symbol is de—

fined in the PSB according to feature classification and is positioned at the

cen troid point of the original feature. All relate-i features must be adjusted

to correspond with the new feature . A clip/join process is performed on

features which intersect the original. Those features interior to the

original are deleted (..g., city streets). Related feature classifications and

the associated required actions are defined in the PSB. The Coalescence

Detection Service is requested to loca te all coalescences between the
origina l and related features . The original feature (primary) header is pro—

vid.d via a Feature Buffer . Each coalescence response indicates a related
feature which is then modified . After adjustment of all related features ,

the new feature is added to the 1FF and the original is deleted .

These p rocesses are repea ted un til all appropria te
mysbology has been modified and control returns to the Phase II Controller .

Appropriate statistics are posted into the Compila t ion Suimnary Buffer . Error

condition . are recognized and return.d to the Phase II Controller . Figures

11—2 0 and 11— 21 illustrate the data flow of this function.

(c) Ou~put

Fea ture portrayal within the 1FF is improved by

this function . All streams are properly dep ic ted by one or two lines ; all
appropriate area feature. are represented by point symbols. Additional

output from the Symbol Change Function includes the updated Compilation Sum-

mary Buffer and error indicators as required .

(d) Performance Objectives and Processing Variables

This function improves feature portrayal within

the ACT 1FF . Although only the conversion of single to double line streams

and area features to point symbols are included here , enhancements to the
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ACT System could provide greater capabilities. Thus, the design of this
function must be modular, facilitating modification. This function is de—

pendent upon the PSF. Therefore, the software is parameter independent, more
versatile and more readily altered. In addition, the user retains control
over the function while an unreasonable amount of user input is not required.

Certain problems may be encountered in correc tly
matching the sides of double line streams. It may be necessary to maintain

the associated feature identifiers in some instances. Braided and meander-

ing streams are of particular concern. In addition, an incorrect method of

digitization of the source data may present problems (Figure 11—22).

The efficiency and accuracy of this function de—

pend upon the Coalescence Detection Service .

I: -
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5. Phase lIl

a. Phase III Controller

The Phase III Controller regulates the compilation finish—

ing processes. This includes:

o acceptance and verification of user input parameters

o preparation of input to each function C

o initiation of appropriate functions in the proper sequence

a verification of output from each function
- 

o response to the System Controller

The Phase III Controller receives user parameters from

the System Controller via the Parameter Buffer. These include the functions

to be performed, any non—standard function sequencing, and all required and

override user parameters for the functions. The Phase III Controller initiates

the functions indicated in the specified order . User input is passed to the

appropriate function. A task complete or error response is received from

the functions. This is interpreted , any necessary actions taken, and con-

trol is returned to the System Controller.

The Phase III Controller , like the Phase II Controller, is

less sophisticated than the Phase I Controller. It performs relatively

standard procedures and possesses little decision making power.

- 

- Automatic Type Placei~ent is the only Phase III function

currently included. This is illustrated by Figure II— 23.

b. Automatic Type Placement

(1) Purpose

The Automatic Type Placement Function places alpha—

numeric characters relative to features on a chart. It provides the car—

tographer sufficient information for effective compilation proofing.
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